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Use	of	coincident	radar	and	radiometer	observa7ons	from	GPM	and	CloudSat	
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Objec7ves	
Main	goal:	To	prepare	and	exploit	datasets	from	coincident	overpasses	of	spaceborne	precipita[on	radars	[GPM	Dual-frequency	Precipita[on	Radar	(DPR)	and	CloudSat	Cloud	Profiling	Radar	(CPR)]	and	of	
CloudSat	CPR	with	PMW	radiometers	in	the	GPM	constella[on	(AMSU/MHS,	AMSR-E,	ATMS	and	GMI)	towards	the	refinement	and	development	of	precipita[on	retrieval	techniques	(snowfall).		
1.   GPM-DPR	vs.	CloudSat	CPR:	comparison	of	snowfall	detec[on	capabili[es,	defini[on	of	limita[ons	and	poten[als	of	DPR	with	respect	to	CPR	in	the	detec[on	of	snowfall,	assessment	of	global	snowfall	

mass	es[mate	by	DPR	vs.	CPR;	
2.   Analysis	of	GMI/CPR	coincidence	datasets	to	define	the	limita[ons	and	capabili[es	of	the	Global	Precipita[on	Measurement	(GPM)	mission	Microwave	Imager	(GMI)	to	observe	snowfall	(in	par[cular	

at	high	la[tudes)	in	rela[on	to	environmental	characteris[cs	(i.e.,	background	surface	and	integrated	water	vapor	content)	

Figure	1:	Comparison	of	DPR	and	CPR	reflec[vity	for	
one	case	study	in	the	DPR/CPR	coincidence	dataset	

CPR:	
•  Typical	maximum	CPR	Z:	10-15	dBZ	
• maximum	cloud	top	heights	at	~5-8	km		
•  shallower	cloud	structures	with	cloud	top	heights	less	
than	~2	km			

DPR	Measured	Reflec7vity	(Z)	
•  Ku	and	Ka-HS	uncorrected	Z	show	some	structure	
below	~4	km	in	the	deeper	snowfall	segment	

• most	of	the	event	north	of	60o	la[tude	and	at	higher	
al[tudes	is	missed	

•  significant	random	noise	around	12	dBZ	(Ku	and	Ka	
HS)	or	16	dBZ	(Ka	MS)	

•  Side	lobe	cluker	signal	in	the	Ku	
DPR	Corrected	Reflec7vity	(Zc)	(2A-DPR)	
•  Complete	suppression	of	random	noise	and	side	lobe	
cluker	

•  Akenua[on	correc[on	below	the	free-cluker	level	
•  Part	of	the	weak	signal	related	to	snowfall	is	also	
eliminated	

Case	Study:	Widespread	frontal	snowfall	
Eastern	Russia/Sea	of	Okhotsk		30	April		2014	

DPR	vs.	CloudSat	CPR	(Casella	et	al.,	2017)	
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2015.	Selected	coincidences	within	5	minutes	and	2.5	km.	Ancillary	data	and	products	have	been	also	included	
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Es7mate	of	snowfall	mass	detected	by	DPR	vs.	CPR	2C-SNOW	

Fig.	3:	Very	high	%	of	MISS.		
DPR-Ka	Hs	shows	best	
performance.		
False	Alarms	mostly	due	to	
inconsistencies	in	the	
precipitaFon	phase	between	
DPR	and	CPR	products	(FCBH	
and	in	the	FLH)	

POD	for	DPR	products	(V4)	for	a	
varying	 minimum	 threshold	 of	
CPR	SR;	
PDF	by	occurrence	(PDFc)	and	by	
volume	 (PDFv)	 from	 2	 years	
(2014-2015)	 of	 global	 CPR	
snowfall	observa[ons	(in	red	the	
PDFc	in	the	CPR-DPR	coincidence	
dataset).	

Fig.2:	Mean	reflec[vity	from	DPR	
(measured	 top	 and	 corrected	
bo^om)	 compared	 to	 the	 mean	
CPR	 reflec[vity	 in	 a	 layer	 500	m	
thick	above	the	DPR	FCBH.		Color	
scale:	number	of	pixels	in	the	500	
m	 layer	 with	 DPR	 reflec[vity	
higher	 than	 12	 dBZ.	 In	 DPR	 Zc	
observa[ons	with	rela[vely	weak	
echoes	 close	 to	 the	 sensi[vity	
threshold	are	eliminated.		

CPR-2C-SNOW-PPROFILE	Snowfall	rate	Sfc	Liq.	Equiv.	[mm/h]		

Proposed	algorithm	to	increase		
DPR	snowfall	detec7on	capabili7es	
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DPR	Algorithms		
V4	

2B-DPR-CMB 
Ku 

2A-DPR 
Ku 

2B-DPR-CMB 
Ka MS 

2A-DPR 
Ka MS 

2A-DPR 
Ka HS 

29.9% 29.1% 34.3% 32.8% 32.4% 
NEW	algorithm	 Ku Match Ka Match 

59.0% 54.2% 

Table	1:	Con[nuous	sta[s[cs	(hits	only)	for	DPR	products		
Solid	and	mixed	precipita7on	(melted	frac[on	<=0.1);		
Solid-only	precipitaFon	

1.  Ka	and	Ku	coherence:		-0.5	<	DFR	<	0.5		
																										(DFR=dBZKu-dBZKa )	

2. Cloud structure continuity: ZKu > 8 dBZ  
 (for  at least 3 bins above FCBH); 

3.                          (Z mean in the 500 m layer above FCBH) ZKa >10dBZ
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Fig.	4:	Red	dots:	
snowfall	
pixels	selected	by	
the	new	algorithm	
+	:	snowfall	
pixels	selected	by		
2A-DPR	
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GMI	vs.	CloudSat	(Panegrossi	et	al.,	2017)	
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Case	Study:	Widespread	frontal	snowfall	
Eastern	Russia/Sea	of	Okhotsk		30	April		2014	

Fig.	 6	 From	 top	 to	 bokom.	 First	 panel	 CPR	 reflec[vity	 (colorbar,	 in	 dBZ),	 freezing	 level	 height	 (blue	
curve),	and	 total	precipitable	water	 (TPW)	 (black	curve),	along	 the	CloudSat	 track.	Cloud	 layers	where	
the	 DARDAR	 product	 iden[fies	 supercooled	 droplets	 are	 shown	 in	magenta.	 Second	 panel	 2C-SNOW	
snow	water	content	(colorbar,	in	kg	m-3)	and	snow	water	path	(SWP)	(black	curve).	Third	panel:	GMI	TBs	
closest	to	each	CPR	pixel	along	the	CloudSat	track	at	166	GHz	(V	and	H	polariza[on,	in	red),	183.3±3	GHz	
and	183.3±7	GHz	(in	blue).	Bokom	panel	shows	GMI	TB	difference	(∆TB)	at	166	GHz	(V-H,	in	red),	and	for	
the	two	183.3	GHz	channels	(in	blue).	 	In	the	top	panel,	ver[cal	lines	delineate	different	Sectors	(I	to	V)	
iden[fying	different	snowfall	and	environmental	condi[ons.	

Fig.	7:	Maps	of	GMI	TBs	(H-pol)	at	10	GHz,	18.7	GHz,	89	GHz	(H-pol),	and	166	GHz	(H-pol)	 for	case	
study	shown	in	Fig.	6		(back	lines	show	CPR	track	crossing	GMI	swath).		

Fig.	1	

Fig.	2	

Fig.	5:	POD	for	New	algorithm	compared	to	DPR	Ka	HS	

48194	GMI-CPR	snowfall	observa7ons	from	2B-CSATGPM	product	(available	at	gp://arthurhou.pps.eosdis.nasa.gov,	courtesy	of	
Dr.	J.	Turk),	for	the	period	March	2014	to	May	2016.	Ancillary	data	and	CPR/CALIPSO	cloud	products	have	been	also	included	

Table	2:	Verifica7on	with	indipendent	GMI/CPR	dataset	June-Dec.	2016.	For	each	surface	type	
the	 value	 of	 the	 probability	 of	 snowfall	 that	 maximizes	 the	 HSS	 in	 the	 training	 dataset	 is	
selected	as	the	value	to	evaluate	the	snowfall	detec[on	capabili[es.	“Truth”	is	CPR	2C-PRECIP	
Precipita[on	Flag:	Snow	Possible	or	Certain,	or	Mixed	Precip.	(liquid	frac[on	<	01.).	
	

Fig.	 11:	 Scakerplots	 showing	 snowfall	 probability	 (color	 scale)	 for	 all	
∆TB166/TPW	2-D	bins	in	the	GMI/CPR	coincident	dataset	and	for	the	frozen	
surface	 classes.	 For	 each	 surface	 type,	 for	 a	 given	 combina[on	 (bin)	 of	
ΔTB166/TPW	 snowfall	 probability	 is	 calculated	 as	 Ns/(Ns+N0)	where	Ns	 is	
number	of	occurrences	of	CPR	2C-SNOW	surface	snowfall	rate	>	0	mm/h,	N0	
occurrences	without	CPR	2C-SNOW	surface	snowfall.		
	

Ocean	New	Sea	ice	
Broken	
Sea	ice	

Mul7layer	
Sea	ice	 Land	 Snow	A	 Snow	B	 Snow	C	 Coast	

#	of	snow	
pixels/
total	pixels	

1919/	
23664	
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454/	
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73/	
13488	

32/	
62	

85/	
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111/	
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POD	 0.80	 0.60	 0.83	 0.72	 0.19	 0.31	 0.54	 0.74	 0.74	

FAR	 0.40	 0.35	 0.47	 0.54	 0.74	 0.09	 0.36	 0.49	 0.37	

HSS	 0.65	 0.43	 0.31	 0.28	 0.22	 0.27	 0.47	 0.28	 0.67	

Fig.	 10:	 Scakerplots	 showing	 the	 166	∆TB	 vs.	 TPW	 for	 all	 the	 points	 in	 the	
GMI/CPR	 coincident	 dataset	 and	 for	 the	 frozen	 surface	 classes.	 Color	 scale	
indicates	CPR	2C-SNOW	SWP.	The	black	contour	delineates	the	manifold	for	
points	 in	 the	dataset	associated	to	clear	sky	 (i.e.,	no	cloud	according	to	the	
2C-CLASS	 product)	 (results	 for	 183	 ∆TB	 show	 sensi[vity	 to	 snowfall	 over	
ocean.	

166	∆TB	vs.	TPW	&	Snow	Water	Path	

New	snowfall	detec7on	algorithm	based	on	GMI/CPR	coincidence	dataset		

1)  Preliminary	probability	of	snowfall	Ns/(Ns+N0)	is	based	on	a	3-
D	look-up	table	based	on	environmental	variables	(Sims	and	
Liu,	2015]:		

	TPW	(50	bins,	linear	scale)	
	T2m	(50	bins,	log	scale)	
	Lapse	rate	2-500	m		(20	bins,	linear	scale)	

The	full	CPR	database	(2006-2011)	(day	and	night)	has	been	
used	to	build	the	3-D	look-up	table.	

2)	 	If	preliminary	probability	of	snowfall	based	on	1)	is	higher	than	
10%	the	probability	of	snowfall		is	computed	based	on	a	4-D	
look-up	table	built	upon:		
	Surface	type		
	TPW		
	∆Tb	166	GHz	V-H		
	∆Tb	183±3	-183±7	GHz		

	The	GMI/CPR	coincident	observa[on	dataset	has	been	used	to	
build	the	4-D	look-up	table.		

	

CPR	2C-SNOW-PROFILE	
surface	snowfall	rate	is	
used	at	reference.	

PMM	Science	Team	Mee?ng	–	San	Diego	16-20	Orcober	2017			

Contact:	g.panegrossi@isac.cnr.it)	

Land	(cold	and	dry)		
• Sector	I/II:	Shallow/weak	
snow	clouds	166	GHz	TBs	
increase;	CPR/CALIPSO	
show	presence	of	
supercooled	water	layer		

• Sector	III:	Deeper	snowfall	
segment;	scakering	effects	
at	166	GHz;	polariza[on	by	
oriented	ice	crystals	

Ocean	(moist	and	warmer)			
• Sector	IV/V:	Dampening	effect	of	
water	vapor	at	166	GHz;	effect	of	
supercooled	droplets	at	89	GHz;	
presence	of	low-level	mixed	phase	
precipita[on	

These	features	are	evidenced	in	GMI	
TB	maps	(Fig.	7)	
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Clear	sky:	Strong	Impact	of	water	
vapor	emission	(sharper	varia[on	
for	low	TPW).		Polariza[on	visible	
also	over	land	for	low	TPW	
	

Snowfall:	Dis[nct	scakering	and	
polariza[on	signal	by	ice	crystals	
with	respect	to	CS.		
Signal	increases	with	TPW	for:	
	TPW	>	4	kg/m2	over	land			
TPW	>	5	kg/m2	over	sea	ice	
	
Supercooled	water	(on	top	and	
embedded	in	cloud):	very	strong	
impact	on	TBs	and	∆TB	
(comparable	to	clear	sky	
condi[ons	when	on	top	layer);	
Tends	to	cancel	the	scakering	
effect	and	polariza[on	due	to	the	
ice	crystals	

CS=	clear	sky	
SN=	snowfall	only	(SWP	>	0	kg/m2)	
SCE=	snowfall	and	supercooled	water	
within	cloud	
SCT=	snowfall	and	supercooled	water	
on	top	layer	

Effect	of	supercooled	droplets	on	TBs	and	∆TB	at	166	GHz		

Fig.	8:		Median	TB	and	∆TB	values	(computed	for	21	TPW	bins)	vs.	
TPW;	results	are	shown	for	land	(88%	frozen)	and	sea	ice	(NOAA	
SNIDC	product	from	AMSR2).	Cloud	classifica[on	is	based	on	
CloudSat	CPR	2C-SNOW	and	CPR/CALIPSO	DARDAR	products	

Input:	T2m	and	10,		23.8,	
18.7,		36.5	GHz	TBs	
(pseudo	emissivity);	
Discriminant	func[ons	
and	k-mean	classifica[on.		
Sea	ice	classifica[on	is	
based	on	based	on	
Hewison	and	English	
(1999)	(different	trends	
of	the	emissivity	with	
changing	frequency	for	
different	types	of	ice).		

Fig.	 9:	 Frozen	 surface	 classifica[on	 scheme	 for	GMI	and	preliminary	 results.	 Ice	
over	ocean:	POD=	0.86	FAR	0.03	 (vs.	 Sfc	 type	2C-PRECIP-COLUMN);	 snow	cover	
POD=0.90	FAR	0.12	(vs.	ERA-I	snow	depth).		

All-sky	frozen	surface	Classifica4on	scheme	for	GMI	
GMI	1c	 32	km	resolu1on	Land/Sea	map	
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• Over	Snow	B,	Snow	C	and	New	Sea	Ice,	snowfall	probability	is	larger	when	TPW	>	5	
kg/m2	(confirming	results	of	Fig.	8)	

• For	Snow	B	and	Snow	C	the	largest	probabili[es	are	associated	with	larger	166	∆TB.	
For	New	Sea	 Ice,	 large	snowfall	probabili[es	are	associated	with	 	166	∆TB	<	10	K.	
Over	Mul[layer	Sea	Ice,	larger	probabili[es	occur	for	TPW	>	8	kg/m2.	In	these	cases,	
higher	probabili[es	are	associated	with	higher	∆TB166	(around	10	K).		

• Very	light	snowfall	is	associated	to	Snow	A;	
• Over	Broken	ice	(and	over	ocean)	166	∆TB	is	not	very	effec[ve	because	of	the	high	
polariza[on	signal	due	to	the	surface.	

166	∆TB	vs.	TPW	&	Snowfall	Probability		

Similar	analysis	has	been	carried	out	for	the	183	GHz	channels	(183	∆TB)	
showing	good	sensi7vity	to	snowfall	over	Broken	Ice,	and	over	Ocean,	and	
lower	sensi7vity	then	166	∆TB	over	snow	cover.	The	combined	use	of	
183∆TB	and	166∆TB	can	be	very	effec7ve	for	snowfall	detec7on.	

Snowfall	detec7on	scheme	descrip7on	and	preliminary	results	


